Diatoms are present within the Eocene to Holocene sediments recovered during Deep Sea Drilling Project (DSDP) Leg 81. A late Cenozoic, North Atlantic diatom zonation is developed as a result of the occurrence of common wellpreserved diatoms within middle Miocene to Holocene sediments. This high-latitude diatom zonation correlates with the zonation defined for the low-latitude Pacific.
INTRODUCTION
Biostratigraphic and paleoecological studies of diatoms recovered from deep-sea sediments within the North Atlantic are quite limited when compared to the quantity of literature available concerning the diatom flora present in sediments from the North Pacific.
Few siliceous microfossil studies have been completed in the polar region of the North Atlantic. Gran (1904) published a taxonomic study of the phytoplankton of the Arctic Sea. More recently, the biostratigraphic and taxonomic studies of Schrader and Fenner (1976) and Dzinoridze et al. (1976) have been completed from sediments recovered during DSDP Leg 38 within the Norwegian-Greenland Seas.
Studies of the diatom flora in the northwestern Atlantic have been completed by Bukry (1980) for Eocene material recovered from DSDP Sites 417 and 418, Schrader (1979) for Miocene material recovered from DSDP Sites 407 and 408, and Bukry (1978a) for sediments recovered from DSDP Leg 44.
Diatoms in the surface waters of the eastern North Atlantic and the English Channel Region were recorded by Cleve (1900) . Other studies within the mid-latitude Atlantic include Lohman (1941) , Maynard (1976) , and Pokras (1981) , in which surface sediments throughout the high-latitude Atlantic were examined for fluctuations in the Pleistocene diatom assemblage. The middle Miocene diatom flora from sediments along the Atlantic margin of North America were documented by Abbott (1978) and Andrews (1978) .
Numerous workers have examined the diatom flora from the equatorial Atlantic. These include the studies of Riely (1957) , Kolbe (1957) , Chyong Ngok (1971) , Schrader (1977) , . In addition, Hass and Schrader (1979) and Schuette and Schrader (1981) have examined the phytoplankton within the upwelling region off northwest Africa. Furthermore, Wornardt (1974) , Burckle (1977) , Schrader and Gersonde (1978) , Gersonde (1979 Gersonde ( , 1980 , and Gardette (1979) have studied the diatom biostratigraphy and paleoecology of the Messinian Stage within the Mediterranean Region. During DSDP Leg 81, four sites were drilled within the western margin of the Hatton Rockall Plateau (see Fig. 1 ). The presence of common diatoms in the middle to upper Miocene sediments of Site 555 and the upper Miocene to Holocene sediments of Hole 552A allows correlation of these sites with lower latitudes. Furthermore, the recovery of a well-preserved Pliocene-Pleistocene interval containing diatoms at Hole 552A makes possible the reconstruction of the paleoceanography of the North Atlantic for approximately the last 2.8 m.y.
ZONATION
Diatom zonations previously established within the mid-and high-latitude North Atlantic consist of zonal schemes developed by Schrader and Fenner (1976) and Dzinoridze et al. (1976) for the Norwegian-Greenland Sea Region, and Abbott (1978) for the continental shelf region of eastern North America. Correlation of these zones appears in Figure 2 .
Although the Eocene to Holocene zonation developed by Schrader and Fenner (1976) is partially based on midlatitude oceanic species, the majority of the species used as zonal indicators are endemic to the Arctic Region. These species are not present within the Rockall Plateau Region and therefore only allow partial recognition of Schrader and Fenner's zonation. Dzinoridze et al. (1976) fore also rendering their zonation only partially useful in the warmer waters of the Rockall Region. Similarly, the zonation developed by Abbott (1978) for the Miocene strata along the Atlantic margin of North America is only partially useful in the Rockall Region. This zonation is based primarily on shallow-water coastal forms that do not occur within Leg-81 material.
Diatoms recovered during Leg 37 (Schrader, 1977) in the low-latitude North Atlantic comprise a tropical assemblage including the species Rhizosoleniα prαebergo-nii, Nitzschiα miocenicα, and N. ported. The diatom biostratigraphy of Leg-37 sediments is based on the diatom zonations developed by Burckle (1969 .
The warm temperate diatom assemblage present within the late Neogene sediments recovered during Leg 81 also allows recognition and partial usage of the Partial Range Diatom Zones defined by Burckle (1969 for upper Miocene to Holocene sediments of the equatorial Pacific. Although the majority of the index species used to define Burckle's zones are present in the sediments recovered from the Rockall Plateau Region, the extremely rare occurrence of R. prαebergonii and N. miocenicα and the preservational or ecological exclusion of N. ported require that Burckle's zonal scheme be modified to be useful within the Hatton-Rockall Region of the North Atlantic (see Fig. 3 ).
The middle Miocene interval at Site 555 contains wellpreserved diatoms and thus allows the development of a middle Miocene diatom zonation. The development of this zonation is based on the ranges of selected species present at both Sites 555 and 408 (Reykjanes Ridge, see Figs. 1 and 4).
Coscinodiscus lewisiαnus Interval
Author: Base, not defined; Top, Schrader (1976) . Definition: The base of this interval is not defined. The top of this interval is placed at the last occurrence of C. lewisiαnus.
Remarks. The Coscinodiscus lewisiαnus Interval is recognized at DSDP Sites 555, 408, and 338. No base is presently defined for this interval because of dissolution at both Sites 555 and 408. However, lower middle Miocene sediments at Site 338 contain well-preserved diatoms that stratigraphically range from the first occurrence of Denticulopsis lαutα to the last occurrence of C. lewisiαnus. Schrader and Fenner (1976) assigned Cores 338-8 through 338-11 to their middle Miocene Norwegian Sea Zones (Actinocyclus ingens to Rhizosoleniα bulbosα Zones) which are based primarily on species endemic to the Norwegian Sea Region.
Recently Barron (1980a Barron ( , 1981 developed a zonation that has greater geographic applicability and can be recognized at Site 338. The presence of D. lαutα, D. hyαlinα, D. hustedtii, A. ingens, Rαphidodiscus mαrylαn-dicus, C. plicαtus, and C. lewisiαnus allows Cores 338-8 through 338-11 to be assigned to the Denticulopsis lαutα and the Denticulopsis hustedtii-Denticulopsis lαutα Zones of Barron (1980a Barron ( , 1981 . The Denticulopsis lαutα Zone extends from the first occurrence of D. lαutα in [85] [86] cm to the first occurrence of D. hustedtii recorded by Schrader and Fenner (1976) in Sample 338-11-2, 85-86 cm. The first occurrence of D. hyαlinα, which defines the Denticulopsis lαutα Subzone "a"/Subzone "b" boundary, is recorded in Sample 338-11-3, 85-86 cm, although the first occurrence of D. lαutα is recorded in [85] [86] cm. The first occurrence of D. punctαtα, A. ingens, and Mederiαsplendidα is also in this sample, suggesting that an unconformity occurs directly below this sample and that the true first occurrence of D. lαutα is missing. Barron (1980a Barron ( , 1981 defined four subzones for the Denticulopsis hustedtii-Denticulopsis lαutα Zone. However, only Subzone "a" defined as the interval from the first occurrence of D. hustedtii to the first occurrence of D. prαedimorphα is recognized at Site 338. Within the uppermost portion of this subzone, the first occurrence of C. plicαtus and the last occurrence of C. lewisiαnus are observed (Barron, 1981) .
The first occurrence of D. hustedtii is recorded in Sample 338-11-2, 85-86 cm. The first occurrence of C. plicαtus and the last occurrence of C. lewisiαnus both occur in Sample 338-8-2, 10-11 cm. Because diatoms are barren above this sample the true last occurrence of C. lewisiαnus is uncertain. However, the first occurrence of C. plicαtus within this sample suggests that the true last occurrence of C. lewisiαnus should occur only slightly above this sample.
Other useful markers within Subzone "a" are the last occurrence of R. mαrylαndicus and the transition from common D. hyαlinα to common D. hustedtii. Both are recognized at Site 338. The last R. mαrylαndicus is re- Figure 2 . Correlation of the Leg 81 diatom zonation modified from with the high-latitude Norwegian Sea diatom zonations of Schrader and Fenner (1976) and Dzinoridze et al. (1976) , the middle Miocene western Atlantic margin diatom zonation of Abbott (1978) , and the low-latitude Pacific diatom zonation of . Figure 3 . Correlation of the Leg 81 diatom zonation and datum levels with the equatorial Pacific diatom zonation defined by .
corded in [65] [66] hustedtii transition occurs at approximately Sample 338-10-1, 135-136 cm. The ability to distinguish these zones in the Norwegian Sea allows the base of the Coscinodiscus lewisianus Interval to be tentatively placed at the first occurrence of D. hustedtii. However, further correlations are required to determine if this datum is time equivalent between high and middle latitudes of the Atlantic. This is especially critical since the first occurrence of D. lauta is diachronus between these latitudes.
D. lauta first occurs stratigraphically above the last occurrence of C. lewisianus (see Fig. 4 ) at both Sites 555 and 408. This stratigraphic position is similar to the first occurrence of D. lauta at mid-latitudes. The first occurrence of D. lauta at Site 338 is recorded stratigraphically below the first C. lewisianus. This stratigraphic succession is similar to that of the high-latitude Pacific.
Other floral elements: A ingens, C. obscurus, C. plicatus, C. tabularis, C. vetustissimus, Craspedodiscus coscinodiscus, D. hustedtii, D. nicobarica, D. punctata, Rhizosolenia miocenica, R. praebarboi. Correlation: The top of this interval approximates the middle Miocene NN6/NN7 calcareous nannofossil zonal boundary as used by Backman (this volume). The Coscinodiscus lewisianus Interval also correlates to Subzone "a" of the Denticulopsis hustedtii-Denticulopsis lauta Zone of Barron (1980a) to North Pacific Diatom Zone XXI (NPDZ XXI) of , and to the Coscinodiscus lewisianus Zone of Barron (in press).
Denticulopsis nicobarica Zone
Author: Base, Schrader (1976) ; Top, Baldauf (this chapter).
Definition: The base of this zone is defined by the last occurrence of Coscinodiscus lewisianus. The top is defined by the first occurrence of Rhizosolenia barboi.
Remarks: This zone is recognized at both Sites 555 and 408. Useful datums within this zone include the first occurrence of Denticulopsis praedimorpha and the last occurrence of D. nicobarica. Schrader (1976) defined the top of his Denticulopsis nicobarica Zone by the first occurrence of D. hustedtii. This top has been modified here.
Other floral elements: Actinocyclus ingens, Asterolampra marylandica, C. plicatus, C. radiatus, Rossiella paleacea, D. praedimorpha, D. hustedtii, D. lauta, D. Site 555 punctαtα, D. punctαtα var. hustedtii, Rhizosolenia praebarboi, Rowcia californica, and Thalassiothrix miocenica. Correlation: The top of this zone correlates with the lowest portion of the calcareous nannofossil Zone NN9 as recognized by Backman (this volume). The Denticulopsis nicobarica Zone correlates to Subzone "a" and "b" of the Denticulopsis hustedtii-Denticulopsis lauta Zone of Barron (1980a) , NPDZ XIX and XX of Schra-placed at the last occurrence of Denticulopsis punctata var. hustedtii.
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Remarks: This zone is recognized at both Sites 555 and 408. The first occurrence of Hemidiscus cuneiformis at Site 555 is similar to its first occurrence within the mid-latitude Pacific (Barron, 1981) and is a useful datum within this zone. The top of this zone approximates the middle Miocene/late Miocene boundary.
Other floral elements: Actinocyclus ingens, Coscinodiscus Salisbury anus, C. yabei, Craspedodiscus coscinodiscus, Coscinodiscus plicatus, D. hustedtii, D. lauta, D. praedimorpha, and R. praebarboi. Correlation: This zone correlates to the lowest portion of the Coscinodiscus yabei Zone of , Subzone "c" of the Denticulopsis hustedtii-Denticulopsis lauta Zone of Barron (1980a) , and the Craspedodiscus coscinodiscus Zone of Barron (in press). Barron, 1980a) rather than to the range of this species reported from tropical regions (see Barron, 1981) .
Denticulopsis praedimorpha
Other floral elements : Coscinodiscus plicatus, C. salisburyanus, C. tabularis, C. vetustisimus, C. yabei, D. hyalina, Hemidiscus cuneiformis, Nitzschia praereinholdii, Rhizosolenia barboi, and Synedra jouseana. Correlation: This zone correlates to the lower portion of the Coscinodiscus yabei Zone of and to Subzone "d" of the Denticulopsis hustedtii-Denticulopsis lauta Zone of Barron (1980a) .
Coscinodiscus yabei Zone
Author: Base, Baldauf (this chapter); Top, .
Definition: The base of this zone is defined by the last occurrence of Denticulopsis praedimorpha. The top of this zone is placed at the last occurrence of C. yabei.
Remarks: Although the top of this zone is defined by the last occurrence of C. yabei, the range of this species is diachronous between subtropical and temperate assemblages (see Barron, 1980a) . At Site 555 the range of C. yabei is comparable to a temperate range; that is the range is similar to the range of C. yabei at North Pacific (Barron, 1980a) Site 173. The last occurrence of C. yabei at these sites approximates the last occurrence of D. praedimorpha and is older than the last occurrence of C. yabei reported from the tropics by . Within the tropical region, the last occurrence of C. yabei approximates the first occurrences of Nitzschia fossilis, N. cylindrica and N. reinholdii (Barron, written comm.) . Schrader (1977) and Barron (1980a) report that the last occurrence of C. plicatus is contemporary with the last occurrence of C. yabei within tropical regions.
At Site 555 the last occurrence of C. plicatus supports this stratigraphic range since its last occurrence approximates the first occurrence of the younger Nitzschia group. Therefore, in this study the last occurrence of C. plicatus is used as the primary datum in defining the top of the Coscinodiscus yabei Zone. Barron (1980a) .
Nitzschia porteri-Nitzschia miocenica Interval
Author: Burckle ( , 1977 . Definition: The base of this interval is defined by the last occurrence of Coscinodiscus yabei. The top of this interval is defined by the first occurrence of Thalassiosira convexa and T. miocenica.
Remarks: Burckle ( , 1977 defined the Nitzschia ported and the Nitzschia miocenica Zones based on the last occurrence of C. yabei and the first occurrences of N. miocenica and T. convexa (see Fig. 3 ). Other useful datums defined within these zones include the last occurrence of N. porteri and the first occurrence of T. praeconvexa. Within the Rockall Region N. porteri is preservationally or ecologically excluded and N. miocenica is extremely rare. This prevents the recognition of the first occurrence of N. miocenica, which defines the boundary between the Nitzschia porteri and Nitzschia miocenica Zones and dictates that these zones be combined. The Nitzschia porteri-Nitzschia miocenica Interval is distinguished by the presence of N. fossilis, N. cylindrica, T eccentrica, and T. nativa. The first occurrence of T. praeconvexa occurs within the upper part of this zone.
Other floral elements: C. tabularis, Hemidiscus cuneiformis, Melosira sulcata, N. reinholdii, and Rhizosolenia barboi. Correlation: The top of this interval correlates with the top of the calcareous nannofossil Zone NN11 as used by Backman (this volume) and to the lowermost portion of the Stichocorys peregrina radiolarian Zone as used by Westberg-Smith and Riedel (this volume). The Nitzschia porteri-Nitzschia miocenica Interval correlates with Subzone "a" of the Denticulopsis kamtschatica and the upper portion of Subzone "b" of the Denticulopsis hustedtii Zone of Barron (1980a) .
Thalassiosira convexa Zone
Author: . Definition: The base of this zone is defined by the first occurrence of T. convexa. The top of this zone is defined by the first occurrence of Nitzschia jouseae.
Remarks: Three subzones are recognized by . The top of Subzone "A" (the oldest) is placed at the last occurrence of T. praeconvexa. The top of Subzone "B" is defined by the last occurrence of T. miocenica, and the top of Subzone "C" is equivalent to the top of the zone. Other useful datums within this zone include the last occurrence of Thalassiosira sp. 1 and the first occurrence of T. oestrupii. The first occurrence of T. miocenica is a secondary datum for the base of this zone. The base of this zone approximates the top of a dissolution interval that is present at all sites.
Other floral elements : Coscinodiscus nodulifer, C. tabularis, Hemidiscus cuneiformis, N. cylindrica, N. fossilis, N. reinholdii, and N. marina. Correlation: The top of this zone tentatively correlates with the calcareous nannofossil Zones NN13/NN14 as used by Backman (this volume). The Thalassiosira convexa Zone correlates with Subzones "a" and "b" of the Denticulopsis kamtschatica Zone of Barron (1980a) .
Nitzschia jouseae Zone
Author: Base, ; top, Baldauf (this chapter).
Definition: The base of this zone is defined by the first occurrence of N. jouseae. The top of this zone is defined by the last occurrence of N. jouseae.
Remarks: The top of the Nitzschia jouseae Zone as defined by is based on the first occurrence of Rhizosolenia praebergonii, which in the eastern Pacific is restricted to the equatorial region (see 1978a) . Within the western Pacific, Koizumi (1968) and record R. praebergonii in upper Tertiary sediments off Japan. Locally, within the Rockall Region, the occurrence of R. praebergonii is extremely rare and is not useful as a zonal marker. Therefore the top of the Nitzschia jouseae Zone ) is extended and here defined by the last occurrence of N. jouseae. The last occurrence of N. cylindrica occurs directly above the base of this zone.
Other floral elements : Coscinodiscus nodulifer, C. tabularis, Hemidiscus cuneiformis, Melosira sulcata, N. fossilis, N. marina, N. reinholdii, Synedra ulna, Thalassiosira oestrupii, and T. convexa. Correlation: This zone correlates to the Nitzschia jouseae Zone and Subzone "A" of the Rhizosolenia praebergonii Zone of . The Nitzschia jouseae Zone also in part correlates to NPDZ VIII and IX of .
Nitzschia marina Zone
Author: Baldauf (this chapter). Definition: The base of this zone is defined by the last occurrence of N. jouseae. The top of the zone is defined by the first occurrence of Pseudoeunotia doliolus.
Remarks: This zone is recognized by the occurrence of N. marina, N. fossilis, N. reinholdii, Hemidiscus cuneiformis, and Thalassiosira oestrupii. The last occurrence of T. convexa occurs within this zone.
Other floral elements: Coscinodiscus nodulifer, C. tabularis, Ethmodiscus rex, Melosira sulcata, Rhizosolenia barboi, R. hebatata, and Stephanopyxis turris.
Correlation: This zone correlates to Subzones "B" and "C" of the Rhizosolenia praebergonii Zone of , and in part to NPDZ V and VIII of .
Pseudoeunotia doliolus Zone
Author: . Definition: The base of this zone is defined by the first occurrence of P. doliolus. The top ranges to the present day.
Remarks: defined two subzones based on the last occurrence of Rhizosolenia praerbergonii. However, since R. praebergonii is so rare in Leg 81 material, no subzones are recognized. R. curvirostris occurs within the upper portion of this zone at both Hole 552A and Site 554.
Other floral elements: Coscinodiscus nodulifer, Nitzschia fossilis, N. marina, N. pandurformis, R. bergonii, and Thalassiosira oestrupii. Correlation: The base of this zone approximates the calcareous nannofossil boundary NN18/NN19 as used by Backman (this volume). The Pseudoeunotia doliolus Zone correlates to the Rhizosolenia curviostris, Actinocyclus oculatus, and Denticulopsis seminae Zones of Barron (1980a) . Ryan et al. (1974) and Hailwood et al. (1979) place the middle Miocene/late Miocene boundary within the calcareous nannofossil Discoaster hamatus Zone (NN9) of Martini (1971) and correlate this epoch boundary with the lowest normal event of paleomagnetic Epoch 11. The middle Miocene/late Miocene boundary approximates the boundary between the Rhizosolenia barboi and the Denticulopsis praedimorpha zones as defined in this chapter.
EPOCH BOUNDARIES
The Miocene/Pliocene boundary is placed within the upper portion of the calcareous nannofossil Zone NN12 of Martini (1971) and is correlated to the middle of the lowest magnetically reversed interval of the Gilbert paleomagnetic Epoch by Ryan et al. (1974) , Cita (1975) , and Van Couvering et al. (1976) . Burckle and Opdyke (1977) place the Miocene/Pliocene boundary at a level higher than the top of paleomagnetic Epoch 5 but lower than the "c" event of the Gilbert Epoch. This placement agrees with the previously mentioned workers and is based on analysis of the diatom flora from the "Tripoli" in the lower portion of the neostratotype Messinian Stage. The Miocene/Pliocene boundary falls in the upper portion of the Thalassiosira convexa Zone as used in this chapter and is approximated by the last occurrence of T. miocenica (Burckle, 1978b) . Burckle and Opdyke (1977) and Haq et al. (1977) place the Pliocene/Pleistocene boundary at the top of the Olduvai Event of the Matuyama paleomagnetic Epoch. Although others suggest that this placement should be slightly lower (see Ryan et al., 1974) , the author adheres to the conclusions of Haq et al. (1977) and correlates the Pliocene/Pleistocene boundary with the top of the Olduvai. The Pliocene/Pleistocene boundary correlates with the lower portion of the Pseudoeunotia doliolus Zone as used in this chapter.
The paleomagnetic scale of Hailwood et al. (1979) is used in this chapter for the time interval from 11.0 to 65.0 m.y. For the younger interval of time (0-11.0 m.y.) the paleomagnetic scale of Ness et al. (1980) is adopted.
METHODS
Approximately 1.5 cm 3 of sample was placed into a 400-ml beaker. The sample was disaggregated with the addition of 10 ml of 30% hydrogen peroxide. Upon completion of the resulting reaction, 30 ml of 37% hydrochloric acid was added. The sample was then gently heated until the liquid became light yellow in color. The sample's acidity was then neutralized by the addition of approximately 300 ml of distilled water, and then the sample was decanted after 2 hr. of settling. This decanting process was continued until pH 7 was reached. Strewn slides were prepared on 22 × 40 mm cover glasses and mounted in Hyrax on 22 × 75 mm glass slides.
Strewn slides of acid-cleaned material prepared aboard the Glomar Challenger were re-examined together with additional samples processed at onshore facilities. One cover glass was examined in its entirety at × 500 with use of an Olympus BH-2 3 light microscope. Species identifications were confirmed at × 1250. Species were recorded as abundant if two or more specimens were present within one field of view at ×500; common if one specimen occurred in two fields of view; few if one specimen was observed per horizontal traverse; and rare if specimens were encountered less frequently. Quality of fossil preservation of samples is based on the ratio of finely silicified taxa to robust and heavily silicified forms in each sample.
Samples within the uppermost 55 m of Hole 552A were examined for the fluctuation in diatom abundance, which is based on the average number of diatom frustules observed per field of view. A numerical value was obtained for each sample by dividing the total number of diatoms observed by the field of view encountered. At least 450 fields of view (0.5 mm) at a magnification of × 500 were observed for each sample. The resulting numerical value for each sample was then placed into one of the following categories: Samples that are barren of diatoms, samples that average one diatom specimen observed per eight fields of view, samples in which at least one specimen was observed in four fields of view, samples in which at least one specimen was observed in two fields of view, samples that contain at least one diatom per field of view, and those samples in which two or more diatoms were observed for each field of view. The counting techniques of Schrader and Gersonde (1978) were employed during this study.
Any use of trade names is for descriptive purposes and does not imply endorsement by the U.S. Geological Survey (USGS).
BIOSTRATIGRAPHY Site 552
Site 552, located adjacent to DSDP Site 404 on the western margin of the Rockall Plateau, was drilled in hope of determining the chronology of the dipping reflector sequence present beneath the sediment cover. A secondary objective for Site 552 was to document the climatological and oceanographic changes within this region throughout the Tertiary Period.
Diatoms vary in abundance from rare to common in the Eocene to Quaternary sediments recovered from Site 552. Preservation is generally poor in the Eocene sediments, which have a flora dominated by Stephanopyxis grunowii, Melosira clavigeria, and Arachnoidiscus sp. Sponge spicules are common to abundant within the middle and uppermost Eocene sediments. Diatom preservation is usually moderate in the Neogene sediments. However, occasional intervals do occur where well-preserved and abundant diatoms are present. Table 1 illustrates the zonal assignments of the cores recovered from Site 552 and other sites from Leg 81. It should be noted that a depth discrepancy of approximately 10 m exists between the depth of a prominent marker horizon observed in cores from both Holes 552 and 552A. Although the cause of this discrepancy is uncertain, the probable cause may be a miscount in the drill barrel length during the washing operation at Hole 552.
Hole 552
Twenty-five cores (79.19 m) were recovered from Hole 552 (56°02.56'N, 23° 13.88'W, 2311 m water depth) by rotary drilling. A dissolution interval occurs in Cores 552-1 and 552-2. This interval is approximately 10 m stratigraphically higher in Hole 552 than in Hole 552A. Ice-rafted detritus is common throughout this interval. Sample 552-2,CC is Pliocene in age based on the occurrence of Thalassiosira convexa var. aspinosa, and T. oestrupii. The base of the Thalassiosira convexa Zone in Section 2 of Core 4 coincides with a dissolution interval that is recognized at all sites (see Fig. 10 ). In Hole 552 this dissolution interval occurs from Section 2 of Core 4 through Core 9. All samples examined within this interval, with the exception of Sample 552-6-3, 106-107 cm, either contain rare to few poorly preserved diatoms or are barren. Sample 552-6-3, 106-107 cm contains few moderately preserved diatoms and is tentatively placed in the Nitzschia porteri-Nitzschia miocenica Interval. This age assignment is based on the presence of N. reinholdii, N. marina, and T. eccentrica. The absence of T. convexa and Coscinodiscus yabei support this assignment.
One specimen of Triceratium castelliferum was observed in Sample 552-8,CC. This species is reported from the middle Eocene of the South Atlantic (DSDP Site 356; and the late Eocene of Oamaru, New Zealand (Schmidt et al., 1874) . The occurrence of this Eocene species suggests that a hiatus exists between the Table 2 shows the stratigraphic occurrence of selected diatoms. Figure 5 shows the ranges of selected stratigraphically useful species. Reworking of Eocene, early Miocene, and middle Miocene species occurs sporadically throughout the hole.
Cores 1 and 2 are assigned to the Pseudoeunotia doliolus Zone and contain a well-preserved diatom assemblage that includes such species as P. doliolus, Rhizosolenia bergonii, Hemidiscus cuneiformis, Thalassiosira oestrupii, and Nitzschia panduriformis. The presence of Rhizosolenia curvirostris in Sample 552A-2-2, 52 cm through Sample 552A-2-3, 1 cm suggests that these samples have an age between 0.35 and approximately 1.5 m.y.
The placement of the base of the Pseudoeunotia doliolus Zone, defined by the first occurrence of P. doliolus, is difficult to determine because an interval of dissolution exists between Samples 552A-2-3, 30 cm and 552A-7-3, 119 cm. Samples within this interval are generally barren of diatoms. However, Sample 552A-5-1, 90 cm contains common well-preserved diatoms. The presence of P. doliolus in this sample places the base of the Pseudoeunotia doliolus Zone between this sample and Sample 552A-8-3, 91-92 cm, which is directly below the dissolution interval.
The presence of N. reinholdii, N. fossilis, and the silicoflagellate Mesocena quadrangula in Sample 552A-5-1, 90 cm, suggests that this sample is older than 0.79 m.y. ago, the age cited by Burckle (1977) for the last occurrence of M. quadrangula in the central Pacific.
The presence of N. fossilis, which has a last occurrence that approximates the last occurrence of M. quadrangula (see Barron, 1980a) , supports this age for Sample 552A-5-1, 90 cm. Within the central Pacific, Koizumi and Kanaya (1976) place the last occurrence of N. fossilis between the Jaramillo Event of the Matuyama Epoch and the earliest part of the Brunhes Epoch. The paleomagnetic results of Leg 81 (see Zimmerman et al., this volume) place the base of the Jaramillo Event between Samples 552A-5-1, 85 cm and 552A-5-1, 112 cm. The Matuyama Brunhes Epoch boundary is placed in Section 1 of Core 4. These data suggest that the presence of N. fossilis in Sample 552A-5-1, 90 cm is slightly below the species' last occurrence and that the true last occurrence of N. fossilis is not observed because of dissolution.
Other species present in Sample 552A-5-1, 90 cm include Denticulopsis seminae, D. seminae var. fossilis, and Roperia tesselata. These species are indicative of both higher latitudes (Zλ seminae and D. seminae var. fossilis) and lower latitudes (R. tesselata) and may represent the influx of colder polar waters into the temperate waters of the Rockall Region.
The Nitzschia marina Zone is partially represented by a dissolution interval that is dominated by ice-rafted detritus. This interval extends from Sample 552A-2-3, 30 cm through Sample 552A-7-3, 119 cm and can be correlated to a similar interval present at Hole 552.
Although the last common occurrence of T. convexa occurs at Sample 552A-10-2, 0-3 cm, the true last occurrence of this species is at Sample 552A-9-1, 63 cm. The paleomagnetic results of Leg 81 place this event a third of the way between the Gauss/Matuyama boundary and the Olduvai paleomagnetic Event. The placement of this datum agrees exactly with the results of Burckle and Trainer (1979) .
The last occurrence of N. jouseae, which defines the base of the Nitzschia marina Zone, occurs between Sample 552A-10-2, 30 cm, and 10-2, 20 cm. The paleomagnetic results of Leg 81 place these samples approximately midway between the top of the Kaena Event and the Gauss/Matuyama boundary. The age of this datum event therefore agrees well with an age of 2.6 m.y. ago, assigned by Burckle and Trainer (1979) for this event within the central Pacific (see Fig. 6 ).
The only specimen observed of R. praebergonii appears in Sample 552A-10-1, 70-73 cm. The presence of this warm-water species, which is confined typically to the tropics (see Burckle, , 1978b , within the Rockall Region reflects the influence of the North Atlantic Drift within this region. Koizumi (1968) records R. praebergonii in sediments examined from the Oga Peninsula of Japan. Barron (1980a) similarly records this species off the northeast coast of Japan. The presence of this species at high latitude is the result of its having been transported by the warm-water, northward-flowing Kuroshio Current, a situation similar to the North Atlantic Drift influence within the Rockall Region. R. praebergonii is also recorded by Schrader (1977) from DSDP Sites 332 and 333 within the central Atlantic.
The Nitzschia jouseae Zone is represented in the interval from Samples 552A-10-2, 30 cm to 552A-16-4, 7-8 cm. The base of this zone is defined by the first occurrence of N. jouseae. Burckle ( , 1978b correlates the first occurrence ofN. jouseae with the "C" Event of the Gilbert Epoch. Therefore this datum approximates 4.5 m.y. ago. Using this date for the first occurrence of N. jouseae in the North Atlantic results in a somewhat uniform sediment accumulation rate (see Fig. 7 ) which suggests that this datum event at Site 552 is isochronous with the equatorial Pacific.
However, the placement of the first occurrence of N jouseae between Sample 552A-16-4, 7-8 cm and 552A-16,CC is in slight disagreement with the nannofossil results. Backman (this volume) places the calcareous nannofossil NN13/NN14 Zonal Boundary (which approximates 4.3 m.y. ago) between Samples 552A-16,CC and 552A-18,CC based on the occurrence of Amaurolithus primus and Discoaster asymmetricus in Sample 552A-16,CC (Zone NN14) and Ceratolithus rugosus in Sam- Figure 6 . Comparison of the correlation between diatom datums and paleomagnetic results of Hole 552A with the correlations completed by Burckle and Trainer (1979) between diatom datums and paleomagnetic stratigraphy from the equatorial Pacific.
pie 552A-18,CC (Zone NN13). The occurrence of C. rugosus in Sample 552A-18,CC suggests that the stratigraphic first occurrence of N. jouseαe should be slightly lower. The last occurrence of N. cylindricα occurs between Sample 552A-17-1, 66-67 cm and 552A-16,CC. Burckle (1978b) places this datum above the "C" Event of the Gilbert Epoch. The first occurrence of N. jouseαe is placed within the upper portion of the "C" Event of the Gilbert Epoch. If the placement of the last occurrence of N. cylindricα is correct, then the last occurrence of N. jouseαe should be stratigraphically lower. This would also suggest that this datum is not isochronous, although this would agree better with the nannofossil data. The reliability of N. cylindricα is questionable (see Burckle, 1978b) , whereas the isochroneity of the first occurrence of N. jouseαe between the North Pacific and the Atlantic, as warranted by the sedimentation curve, suggests that the latter datum is more consistent and reliable. Burckle (1978b) suggests that the last appearance of N. cylindricα in high latitudes may be diachronous. Furthermore, a rank and reliability factor of third order was assigned to this datum based on the difficulty in identification and the numerous local ecological or geographical restrictions. Contrary to this, the first occurrence of N. jouseαe is assigned a first-order ranking (Burckle, 1978b ) based on the ease of identification and "common and persistent either first rapid evolutionary appearance or highly consistent range." This suggests that this occurrence of N. jouseαe is the true first occurrence. However, further quantitative studies are required to resolve the disagreement between diatoms and nannofossils. The base of the Thαlαssiosirα convexα Zone is defined by the first occurrence of T. convexα. A secondary marker that is nearly synchronous with the T. convexα event is the first occurrence of T. miocenica. Both species first appear in Sample 552A-28,CC. The first occurrence of T. oestrupii is in Sample 552A-21-3, 64-64 cm. This datum is placed by Burckle and Opdyke (1977) within the lowest portion of the Gilbert Epoch and is suggested by Barron (1980a) to approximate the Miocene/Pliocene Boundary of Van Couvering et al. (1976) .
The last occurrence of T. miocenica that also approximates the Miocene/Pliocene boundary is in Sample 552A-22,CC. Burckle (1978b) correlates this event to midway between the "C" Event of the Gilbert Epoch and the top of Epoch 5. T. praeconvexa, which has a very short stratigraphic range, is correlated by Burckle (1978b) to occur from the middle of Epoch 6 to the middle of the lowest normal event of Epoch 5. Within DSDP Hole 552A, T. praeconvexa occur from Samples 552A-32-2, 95-96 cm to Sample 552A-28,CC. The range of this species slightly overlaps the basal boundary of the Thalassiosira convexa Zone and is a useful secondary marker.
The Nitzschia porteri-Nitzschia miocenica Interval is recognized from Sample 552A-32-2, 95-96 cm to Sample 552A-28,CC based on the occurrence of T. praeconvexa below the first occurrence of T. miocenica and 71 convexa. N. aff. miocenica is also observed within this interval.
The abrupt downcore change in diatom preservation observed at all sites (see Fig. 10 ) at approximately 6.2 m.y. ago occurs within the uppermost portion of Core 31. The presence of Actinocyclus ingens in Sample 552A-36-3, 30-32 cm suggests that this sample is middle Miocene in age. Section 3 of Core 37 through Core 38 is Eocene in age and contains an assemblage similar to that found in Cores 552-10 and 552-12. Sponge spicules are common within this interval.
Site 553
Three holes were rotary cored at Site 553, located northwest of Site 552 on the Hatton Drift, which extends along the western margin of the Rockall Plateau. Preservation of diatoms in the Eocene to Recent sediments recovered is similar to that at Site 552. Preservation is generally moderate, however, two dissolution intervals occur: one is Pliocene-Pleistocene and the other is late Miocene in age. The Pliocene-Pleistocene interval is dominated by ice-rafted detritus. Both dissolution intervals are equivalent in age to similar intervals recognized at Site 552.
A single mudline core taken at Hole 553 contains well-preserved Pleistocene diatoms which are assigned to the Pseudoeunotia doliolus Zone based on the presence of P. doliolus.
Hole 553A Fifty-nine cores (531.5 m) were recovered from Hole 553A (56°05.32'N, 23°20'W, 2335 m water depth). A reentry cone set with casing was placed at a subsurface depth of 56.5 m, resulting in a late Miocene-early Pliocene age for both Cores 1 and 2. These cores are assigned to the Thalassiosira convexa Zone. The Miocene/ Pliocene boundary approximates the first occurrence of T. oestrupii in Sample 553A-1,CC.
The interval of dissolution present at the base of the Thalassiosira convexa Zone throughout the Leg 81 sites occurs from Core 2 through Section 3 of Core 7. Actinocyclus ingens and Denticulopsis hyalina are both observed in Sample 553A-7,CC and occur stratigraphically down to Sample 553A-8-3, 103 cm, indicating a middle Miocene age for the interval from Sample 553A-7,CC to Sample 553A-8-3, 103 cm. A hiatus occurs directly below this interval. Diatoms are very rare from Section 4 of Core 8 through Section 3 of Core 9. However, this interval is earliest Miocene in age based on the rare occurrence of Rocella gelida. The frequence of R. gelida increases downcore, becoming common in Section 3 of Core 9. Weaver and Gombos (1981) place the Oligocene/Miocene boundary within the range of Bogorovia veniamini just above the acme of/?, gemma (this species is a synonym for R. gelida). Similarly Gombos and Ciesielski (1983) place this boundary above the acme of R. gelida.
This would suggest that the Oligocene/Miocene boundary change of La Brecque et al. (1977) can be approximately placed in Section 3 of . However, diatoms are rare within the interval and no secondary markers are available. Nannofossil control (Backman, this volume) records the extinction of Dictyococcites bisectus, which approximates the Oligocene/Miocene boundary of Hailwood et al. (1979) between Samples 553A-9-4, 5 cm and 553A-9-4, 15 cm, therefore suggesting a slightly lower stratigraphic placement of this boundary.
A third hiatus is recognized between Samples 553A-9-4, 67-68 cm Gate Oligocene) and Sample 553A-9,CC, which is assigned to the Eocene. An Eocene age is also assigned to samples examined in Cores 10 and 11. The presence of Coscinodiscus oblongus, Brightwellia coronata, and rare Trinacria species in Core 10 suggests a middle to late Eocene age. The presence of common Trinacria [T. pileolus, T. excavata, T. simulacrum, and T. excavata var. tetragona] , Peterotheca aculifera, Stictodiscus angulatus, Pyxilla renticulata, Rhizosolenia interposita, and Sceptroneis gemmata in Core 11 suggests a late Paleocene to early Eocene age. Locally these species are common throughout the interval assigned by nannofossil control (Backman, this volume) to the early Eocene.
All samples examined below Core 11 are barren of diatoms, with the exception of Samples 553A-18,CC, 533A-21,CC, 553A-22,CC, 553A-23,CC, 533A-24,CC, and 553A-37-2, 28 cm. Samples 553A-18,CC, 553A-21,CC, 553A-22,CC, and 553A-23,CC contain nondiagnostic diatom frustules in which silica is replaced by calcite. Samples 553A-24,CC and 553A-37-2, 28 cm contain pyritized diatom frustules of Triceratium sp. and Coscinodiscus sp.
Hole 553B Of the four cores recovered from Hole 553B (56°0 5.32'N, 23°20.61' W, 2399 m water depth) only Core 1 contains moderately preserved diatoms. This core is assigned to the Pseudoeunotia doliolus Zone. Cores 2 through 4 contain either nondiagnostic specimens or are barren of diatoms. Ice-rafted detritus is present throughout these cores. This interval correlates to a similar interval of dissolution present within the Nitzschia marina Zone at Site 552.
Site 554
Site 554, located slightly northwest of Sites 552 and 553, was rotary cored to examine the nature of the outer high which forms the western boundary of a suite of dipping reflectors (see Roberts, this volume). Diatoms are generally poor to moderately preserved within the sediments recovered. Cores 7 and 8 are placed in the late Miocene portion of the Thalassiosira convexa Zone based on the presence of T. convexa, T. miocenica, and Thalassiosira sp. 1. The occurrence of T. praeconvexa in Sample 554-8,CC suggests that this sample approximates the base of the Thalassiosira convexa Zone.
Hole 554A
Hole 554 was abandoned because of deteriorating weather conditions. After approximately a 5-hr, delay, weather conditions improved enough for drilling operations of Hole 554A (56° 17.4'N, 23°31.65'W, 2584 m water depth) to commence. The top 76 m of sediment was washed down to reach the approximate level where drilling was stopped at Hole 554. Six cores (137 m) of lower Eocene to upper Miocene sediments were recovered. Diatom preservation throughout this hole is generally poor although several samples were observed that contain common moderately preserved diatoms.
Sample 554A-1-1, 15-17 cm is placed in the uppermost portion of the Nitzschia miocenica Zone of . This age assignment is based on the presence of Thalassiosira praeconvexa below the first occurrence of T. convexa and T. miocenica within Sample 554-8,CC. Therefore the base of the Thalassiosira convexa Zone, defined by the first appearance of T. convexa, occurs between Sample 554-8,CC and 554A-1-1, 15-17 cm. Burckle and Trainer (1979) correlate the first occurrence of these datums with the upper portion of Epoch 6, which suggests that these samples have an age of approximately 6.2 m.y. Nannofossil biostratigraphy places the NN11/NN12 boundary (approximately 6.0 m.y.) between Sample 554A-6-5, 46 cm and Sample 554A-6,CC. The calcareous nannofossil Zone NN11 extends from Sample 554-6,CC through Sample 554A-1,CC. This sample interval is assigned by Backman (this volume) to the Discoaster neorectus subzone of Bukry (1973) which correlates with the lowest portion of Zone NN11 (approximately 9.6-10.3 m.y.). Although this discrepancy between diatom and nannofossil biostratigraphy is present, further work is required to explain what factors are responsible. Radiolarian biostratigraphy (WestbergSmith and Riedel, this volume) for Samples 554-8,CC and 554A-1-1, 18-20 cm suggests that these samples are near the evolutionary transition between S. delmontensis and S. peregrina and therefore approximate the S. perigerna-D. pentultima Zonal boundary (approximately 6.5 m.y.).
Sample 554A-1,CC contains few moderately preserved diatoms. However, no age diagnostic forms were observed. The presence of numerous varieties of the genus Nitzschia suggests that this sample is younger than 9.0 m.y.
Sample 554A-3-4, 90-92 cm is tentatively placed within the Coscinodiscus yabei Zone. This zonal assignment is based on the presence of Hemidiscus cuneiformis, which has a first occurrence at approximately 12.0 m.y. ago, and the absence of the numerous Nitzschia species, which have an approximate first occurrence at 9.0 m.y. ago. Supporting this zonal assignment is the presence of Thalassiosira sp. 1 of Barron (1980a) . All other samples examined from Hole 554A contain no age-diagnostic specimens or are barren of diatoms.
Site 555
Site 555 is located northeast of Site 554 within the shallow water of Hatton Bank. This location was selected in an effort to complete the dipping reflector transect from oceanic to continental crust. Furthermore, plans were made to HPC the Pliocene-Pleistocene sediments within this region for paleoceanographic reconstruction. However, time restrictions permitted only the rotary coring of a single hole.
Hole 555
Ninety-eight cores (505 m) of upper Paleocene to Pleistocene sediments were recovered from Hole 555 (56°3 3.70'N, 20°46.93'W, 1669 m water depth). No siliceous upper Pliocene or Pleistocene sediments are present. Diatoms are generally rare to abundant throughout the upper 28 cores recovered. However, within this interval occasional samples are barren of diatoms. Generally samples examined stratigraphically below Core 22 are barren of siliceous material. Diatoms are especially common throughout several intervals within middle Miocene sediments. Table 3 shows the stratigraphic occurrence of selected diatom species. The ranges of selected stratigraphically important species are recorded in Figure 8 .
Samples examined from Cores 555-1 through 555-4 are either barren or contain no age-diagnostic species. Species observed include Hemidiscus cuneiformis, Actinoptychus undulatus, Thalassiosira eccentrica, and Nitzschia reinholdii.
Common moderately preserved diatoms are observed in Core 555-5 through Section 555-6-4. This late Miocene interval is assigned to the Thalassiosira convexa Zone based on the presence of Thalassiosira convexa s. ampl., T. miocenica, and Thalassiosira sp. 1. The interval of dissolution presence at the base of this zone at all other Leg 81 sites occurs from Core 555-6 through Section 555-8-4.
Sample CC contains N. cylindrica, H. cuneiformis, and Rhizosolenia barboi. This sample is assigned to the Nitzschia porteri-Nitzschia miocenica Interval.
The Coscinodiscus yabei Zone is assigned to the interval from Section 555-9-2 through Section 555-11-2 based on the occurrence of C. plicatus, Denticulopsis 
Rhizosolenia barboi
16.CC 17-3, 63-64 cm 17-6, 57-58 cm 17.CC 18-2, 38-39 cm 18.CC hustedtii, and H. cuneiformis. Preservation within this interval is poor to moderate. Few to common, moderately to well-preserved diatoms occur in Cores 12 through 16. Species present within this interval include D. hustedtii, D. punctata, D. praedimorpha, D. hyalina, C. yabei, C. plicatus, Actinocyclus ingens, and H. cuneiformis . This late middle Miocene assemblage is assigned to the Denticulopsis praedimorpha Zone.
The Rhizosolenia barboi Zone occurs in Cores 17 and 18. The base of this zone is defined by the first occurrence of R. barboi, which occurs in CC. Other species present include D. punctata var. hustedtii, R. praebarboi, A. ingens, and A. ellipticus CC, CC, CC, CC, CC, CC, ,CC contain undiagnostic pyritized diatom frustules. Figure 9 shows that an average sedimentation accumulation rate of 2.5 cm/1000 yr. occurs for the middle and late Miocene of Hole 555.
PALEOCEANOGRAPHY
The eight holes drilled during Leg 81 can be correlated by diatom datums (see Fig. 10 ). With the exception of Hole 552A, which was hydraulically piston cored, all holes were rotary drilled. Diagnostic diatoms occur in the lower Eocene to Holocene sediments.
With the exception of an unconformity in the Pliocene of Hole 555 (see Backman, this volume), all recognized unconformities are early Miocene or older in age. Unconformities are concentrated in the middle Eocene , and 553A, and middle to upper Miocene sediments at Hole 555, samples examined below the base of the Thalassiosira convexa Zone are generally barren of diatoms. This abrupt change in diatom preservation from samples containing a well-preserved assemblage above to samples dissolved or barren of diatoms below correlates with the interval between the first occurrence of T. praeconvexa and the first occurrence of T. convexa and T. miocenica. These datums allow this preservational change to be correlated with the uppermost portion of Epoch 6 and assigned an age of approximately 6.2 m.y. ago. This assigned age corresponds to the age suggested by Haq et al. (1980) for a late Miocene marine carbonisotope shift. This carbon shift, which is a decrease in the concentration of benthic foraminiferal 13 C, is recorded in sediments from the Pacific (Keigwin, 1979; Bender and Keigwin, 1979) , the Indian , and the South Atlantic (Haq et al., 1980) oceans. At present this carbon shift is not recorded in North Atlantic sediment (Shackleton and Cita, 1979; Keigwin, pers. comm., 1984) .
The change in diatom preservation within the late Miocene of the Rockall Plateau Region may reflect an increase in the nutrient supply within the surface waters resulting from changes in oceanic circulation. Such changes are conclusive to an increase in phytoplankton productivity, resulting in an increase in the supply rate of diatom frustules to the ocean floor, which would be reflected by an increase in diatom preservation.
The second interval of dissolution occurs within the Pliocene-Pleistocene, Nitzschia marina, and Pseudoeunotia doliolus Zones. Samples examined within this interval contain abundant ice-rafted detritus. The first major occurrence of ice-rafted detritus within the lower portion of this interval suggests that the base of this interval approximates the initiation of Northern Hemispheric glaciation within the Rockall Plateau Region. Within the Rockall Plateau Region this event has an age slightly younger than the last occurrence of N. jouseae at 2.65 m.y. ago.
Although occasional samples in this dissolution interval contain a well-preserved diatom flora, the majority of samples examined are barren of diatoms. This dissolution interval is included in a detailed study completed on the upper 50 m of sediment recovered from Hole 552A (see Zimmerman et al., this volume) . Useful biostratigraphic datums for this study are as follows: Datum 1 (see Fig. 11 )-the presence of the silicoflagellate species Mesocena quadrangula and the diatom species N. fossilis in Sample 552A-5-1, 90 cm (19.9 m depth) suggests that this sample is older than the last occurrence of these species, which occurs at approximately 0.79 m.y. ago. This sample occurs at the base of the Jaramillo Event and therefore can be assigned a more precise age of approximately 0.91 m.y. ago. Datum 2 (see Fig. 11 )-the last occurrence of T. convexa at Sample 552A-9-1, 63 cm (39.6 m depth) occurs between the Gauss/Matuyama boundary and the Olduvai Event, which indicates an age of approximate 2.2 m.y. ago for this datum. This age agrees with the results of Burckle and Trainer (1979) , who assigned an age of 2.2 m.y. ago for this event in Core V28-179 from the central equatorial Pacific. Datum 3 (see Fig. 11 depth) falls within the upper portion of the Gauss Paleomagnetic Epoch and has an approximate age of 2.65 m.y. ago. Once again this is in agreement with the results of Burckle and Trainer (1979) (see Fig. 6 ). Datum A represents the last occurrence of Rhizosolenia curvirostris within the Rockall Plateau Region. Donahue (1970) and have estimated the extinction of R. curvirostris to occur in the North Pacific at approximately 0.26 m.y. ago. Kanaya and Koizumi (1970) have assigned an age of 0.25 m.y. ago for this datum. Within the Rockall Region the last occurrence of R. curvirostris in Sample 552A-2-2, 52 cm is older than previously estimated for the North Pacific Region, as it correlates with oxygen isotope Stage 10 in the North Atlantic. Opdyke (1973, 1976) have estimated the isotope 9/10 stage boundary at 0.35 m.y. ago and the 10/11 isotope stage boundary at 0.37 m.y. ago. Therefore, by extrapolation, the last occurrence of R. curvirostris within the Rockall Region occurs at approximately 0.36 m.y. ago. The paleomagnetic results figured here (Fig. 11) for the uppermost portion of Hole 552A are from a study by Kent (see Zimmerman et al., this volume). The diatom abundance curve (Fig. 11) generally compares with Shackleton's oxygen-isotope curve. Samples with common diatoms compare to samples that have a low Within Intervals 1 and 3, samples that are fairly abundant of diatoms correspond to samples representing interglacial conditions. Samples within these intervals that contain rare (or are barren of) diatoms correspond to samples representing glacial conditions. This can be readily seen by comparing the interglacial oxygen isotope Stages 1,5, and 11 with samples that have a high diatom abundance. However, isotope Stage 9 does not correspond with the diatom-abundance curve. Likewise, glacial isotope Stages 2 through 10 correlate with samples having rare diatoms or samples that are barren of diatoms. Similar correspondence occurs in Interval 3. The lowest portion (45-55 m) of this interval is characterized by comparatively small isotope fluctuations with a similar and somewhat less fluctuating diatom-abundance curve. The O 18 curve first begins to have larger variability at approximately a depth of 44 m {Datum B), with the first major isotope shift occurring at a depth of 42 m. This shift may represent the initiation of northern hemispheric glaciation which would have an approximate age of 2.4 m.y. ago within the Rockall Region. At exactly the same depth, a major shift occurs from samples abundant in diatoms (preglacial) to samples barren of diatoms at the glacial event.
The correspondence within Intervals 1 and 3 (Fig. 11 ), between samples containing abundant diatoms with interglacial conditions and samples barren of diatoms with glacial conditions, suggests that diatom abundance within the Rockall Region is controlled by the latitudinal migration of surficial water masses during climatic cycling. This interpretation is not new and has been cited by numerous workers involving several microfossil groups (Mclntyre et al., 1972; CLIMAP, 1976; Ruddiman, 1977; Ruddiman and Mclntyre, 1976, 1981; Ruddiman et al., 1977 Ruddiman et al., , 1980 . However, the diatom abundance within Interval 2 (Fig. 11) does not correspond to the isotope curve. Although the majority of samples examined from this interval are barren of diatoms, occasional samples do contain a well-preserved diatom assemblage. Interval 2 extends from the middle of the Olduvai Event to the oxygen isotope Stage 11/12 boundary. Therefore an approximate age of 1.8-0.44 m.y. can be extrapolated for this interval.
It appears reasonable to suggest that the pattern observed in Interval 2 is caused by alterations in productivity and/or preservational factors. These alterations are the probable result of a set of complex changing oceanographic and climatic conditions. Any hypothesis proposed at this time to explain this pattern would be pure speculation because of the very limited data available.
However, one should point out that a "glacial sequence" that may be similar to Interval 2 is recorded by Schrader and Fenner (1976) at Sites 336, 346, 348, and 349 in the Norwegian Sea. Samples examined from these sequences are typically barren of diatoms but contain abundant terrigenous material. Occasional samples are recorded that contain a warm temperate diatom assemblage. Schrader and Fenner (1976) suggested these occasional samples represent periods when North Atlantic Drift waters penetrated into the Norwegian Sea Region.
Further studies are required to determine the relationship between these "glacial sequences" from the Norwegian Sea and Interval 2 from the Rockall Region. A positive relationship between these sequences would suggest that these intervals are the result of wide geographic changes rather than the result of local isolated events. CONCLUSION A middle Miocene to Holocene diatom zonation is developed from material recovered from the Rockall Plateau Region. This zonation is partially adapted from the diatom zonation defined by for the equatorial Pacific and is correlated to both the low-latitude Atlantic and Pacific oceans.
Two intervals of dissolution are recognized within the Rockall Region. A late-Miocene interval is associated with the base of the Thalassiosira convexa Zone and is present at all sites. The top of this interval correlates with the uppermost portion of paleomagnetic Epoch 6 and is assigned an age of approximately 6.2 m.y ago. This preservational change may correspond to alteration of oceanic circulation resulting in changes in the rate of productivity.
An interval of dissolution is recognized in PliocenePleistocene material examined from Hole 552A. Diatom abundance in Hole 5 52A typically corresponds to fluctuating climatic conditions. Diatoms are most abundant during interglacial intervals and rare or absent during glacial intervals. However, diatom abundance in the Rockall Region for the interval from approximately 1.8 to 0.44 m.y. ago does not correspond to climatic fluctuations. Samples examined within this interval are typically barren of diatoms. However, rare samples were observed to contain a well-preserved diatom assemblage.
Although further work is required to explain the Pliocene-Pleistocene Interval, this interval may correspond to a "glacial sequence" recognized by Schrader and Fenner (1976) within the Norwegian Sea.
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